ABSTRACT
INTRODUCTION
Socio-economic status of the district in the selection of the species used for afforestation activities is one of the important issues. In afforestations of these kinds of districts stone pine is primary forest tree species in terms of the forest-people relations, the contribution to forest villages and the maintenance of participation and sustainability of the forest resources. Stone pine forests in Turkey have a natural distribution of about 33742 ha and afforestation areas of about 591497 ha. This species is mostly preferred for afforestations of Aegean, Marmara and the Mediterranean region especially because of the high economic value of its seeds. Especially the western Anatolia has a very convenient location in the way of the distribution and private management of Stone pine [1] . According to The achievement of stone pine afforestations in Turkey depends on using the seeds with high germination energy as well as qualified seedlings. Likewise, it has known that there is a linear relation (y = a + bx) between germination energy and seedling percentage. Accordingly, the germination energy is more important than germination percentage in practice. Gezer and Yücedağ [3] have reported that when stone pine seeds are kept in warm water for 24-48 hours their germination energy increased. Cultural practices such as seedling spacing, fertilization, irrigation, shading, seedling age, nursery soil and altitude, root pruning and transplanting have an effect on the morphological characteristics of seedlings [4] . These applications are mostly essential to obtain qualified seedlings.
Another important practice for improving some characteristics of plants is magnetic field application. Many researches have been recently conducted about the effects of magnetic field on the various characteristics (germination, seedling growth, assimilatory pigments, nucleic acids, yield, soil microbial population, activities of some enzymes, etc.) of agricultural plant species [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] . In the majority of these studies, magnetic field has mostly a positive effect on the studied characteristics. In a study carried out by Özel, et al. [17] the germination percentages of beech seeds applied with magnetic field for 15 and 20 times were found to be much higher than those of control parcel (not exposed to magnetic field). Also, the root length of beech seedlings emerged as a result of the germination of the seeds exposed to magnetic field for 5 times was determined to be longer than those of control group as well as the other magnetic field application groups. So far, there has been no study investigating the effect of magnetic field on the various characteristics of stone pine. Thus, the aim of this study is to determine the effects of magnetic field on the germination of seeds and growth of seedlings of stone pine.
MATERIAL AND METHOD
Stone pine cones were obtained from Devrek Forest Nursery on December of 2011. They were desiccated under the room conditions and thus seeds were provided. The vital controls of the seeds were carried out through flotation and cutting methods. In the study, a total of 1200 healthy seeds were used. These seeds were treated by a magnetic field of 9.42 mT for a different period of time -0 min (control), 15 min, 30 min and 40 min in a cylindrical shaped sample, made of a nonmagnetic thin transparent plastic sheet. The experiment was set on 300 seeds of each treatment. All treatments in the experiments were run simultaneously along with controls under similar conditions in Silviculture Laboratory of Bartın University, Turkey.
Germination experiments were conducted in the greenhouse of Bartın University. Greenhouse lighting was dependent on daylight. Its ventilation was carried out automatically. The greenhouse temperature was kept between 25-30 °C. Humidification of greenhouse was done by irrigating twice a day. Sowings were done on the seedbeds that were 1.2 m wide with 7 rows in a completely randomized design with three replications. Seeds were sown in the depths of 2-3 times their size and with 7 cm intervals on 15 th April 2012.
Germinated seeds were counted once every three to four days starting from the first germination. Germination percentage (GP) and energy (GE) were calculated for each treatment. The formula used for calculating the germination percentage was as follows: ∑ , with GP germination percentage, ni the number of seeds germinated in i th day and N the number of total seeds put into germination experiment. Germination energy (GE) was found by the number of total seeds put into germination experiment by the number of seeds germinated in 7 th day.
Cultivation activities such as irrigation (twice a day by sprinkling) and weed control (manually once a month)
were regularly performed for seedbed in the experiment during the growing season of 2012. In November of 2012 a total of 1200 seedlings (300 seedlings for each experimental treatment) were uprooted without harming the roots.
The hand-lifted seedlings were examined in terms of morphological traits, such as shoot height, root collar diameter and tap root length. Assessments of cull seedling (root collar diameter < 2 mm and shoot height < 15 cm) ratios were also performed in accordance with the Turkish Standards Institute (TSI) guidelines [18] .
Statistical analyses were carried out by SPSS Inc [19] . An ANOVA was performed to determine whether or not the means of treatments were all equal. The means were compared by using the adjusted Duncan's multiple range test (p < 0.05). Statgraphics program was also used seedlings to be determined the distribution to quality classes based on TSI.
RESULTS AND DISCUSSION
The first seed germination started on the 2 nd May 2012 and continued up to 28 days. The highest germination energy (43%) was observed in the seeds exposed to magnetic field for 30 minutes. The highest germination percentage of 55% was obtained from the seeds exposed to magnetic field for 45 hours. Both the lowest germination energy (6%) and germination percentage (32%) were found out to be in the seeds without applying magnetic field (Figure 1 ).
Figure-1. Germination percentage (GP) and energy (GE) of Stone pine seeds
In the current study, the effects of magnetic field on stone pine seeds' germination, and seedlings' growth were investigated. In this sense, it was found that the seeds exposed to magnetic field for 45 minutes had the highest germination percentage (55%). Accordingly, magnetic field treatments applied in this study provided a superiority for the germination of the stone pine having germination obstacle. Nevertheless, magnetic field increased the germination percentage in studies [5-10, 13-16, 20] conducted for various agricultural plants. Also, the germination of Albizia procera and Leucaena leucocephala [21] beech [17] and Anatolian pine [22] seeds increased with magnetic field. The germination results in this study showed a similarity with the germination increases of magnetic field reached for both agricultural plants and forest tree species although not obtaining high germination percentage.
On the other hand, from the aspect of germination energy of the stone pine seeds, it was determined that the highest germination energy was achieved in the seeds exposed magnetic field for 30 minutes. When germination percentage and energy were evaluated together magnetic field treatment for 30 minutes was the most proper one in terms of nursery practices. Because germination energy was more important than germination percentage [3] . In this context, Majd and Shabrangi [23] stressed that the mean germination time showed a reduction for most of magnetic treatments, therefore their rate of germination was increased.
The results of variance analysis and Duncan test were presented in Table 1 . Accordingly, in stone pine seedlings, magnetic field increased shoot height, root collar diameter and also tap root length, i.e. the highest values for these three characters were observed for the seeds exposed to magnetic field for 45 minutes. It was determined that there is statistically significant difference among the applied magnetic field treatments in terms of shoot height, root collar diameter and tap root length (p<0.01). According to Duncan test, magnetic field treatments were separated to three groups for both shoot height and rot collar diameter, and four groups for tap root length (Table   1) . The root growths of stone pine seedlings based on the magnetic field treatments were given in Figure 2 . It was obvious that the root lengths of the seedlings exposed to magnetic field for 45 minutes were higher than those exposed to magnetic field for 15 and 30 minutes, and of control group. Nigella sativa L. [25] soybean [15] sweet pepper [13] . Tanvir, et al. [21] reported that seed exposure to magnetic fields resulted in higher collar diameter and plant height in both Albizia procera and Leucaena leucocephala seedlings. However, Pourakbar [25] stated that magnetic field treatments have an effect on the root length of chamomile but no effect on its short length. Besides, in study carried out by Yalçın and Tayyar
[10] it was found out that the magnetic field implementation had no positive effects on the highest root length and seedling height of lemon balm. Similarly, Özel, et al. [17] found that magnetic field treatments have negative effects on the root length and seedling height of beech seedlings. Larger seedlings could also provide significant advantages because of reduced cultural activities and an expected higher growth and survival rate [26] . Plants having higher root collar diameter were tolerant to drought [27] . Therefore, these kinds of seedlings were more suitable in the afforestration activities and preferred more. The proportional distribution of the obtained stone pine seedlings based on the quality classes of Turkish Standard Institute [18] were given in Table 2 . Hence, 14% and 32% of seedlings were discarded in terms of shoot height and root collar diameter, respectively. In terms of shoot height, 85% of 1+0 seedlings was suitable for afforestation activities based the classification of TSI (1988). Bilir, et al. [28] stressed that more than 90% of 2+0 stone pine seedlings had quality seedlings for plantations according to the same classification. Why the results of these studies was different may depend on the seedling ages. Finally, 1+0 stone pine seedlings might be used for afforestation activities. In conclusion, the present study showed that magnetic field treatments enhanced the germination percentage and energy, and had a positive effect on some characteristics of seedlings. Moreover, magnetic field treatments may be considered as an alternative method to enhance germination Stone pine seeds and to obtain better growth characteristics of their seedlings.
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